Spatiotemporal visualization of long-term potentiation and depression in the hippocampal CA1 area.
Long-term potentiation (LTP) in the CA1 area of the hippocampus depends critically on the statistical characteristics of its stimulus. The ability of optical imaging to record spatial distribution has made it possible to examine systematically the effect of higher-order statistical characteristics, such as the correlation between successive pairs of inter-stimulus intervals (ISIs) on the induction of LTP. Therefore, the function of frequency (first-order) and temporal pattern (second-order) was examined using this imaging technique. To investigate the dependence of LTP on frequency, periodic stimuli with the same number of pulses were applied at different frequencies (1-10 Hz, n=200) to Schaffer commissural-collateral fibers. While stimulus frequencies from 2-10 Hz induced LTP of varying magnitudes and low-frequency stimuli (1 Hz) induced long-term depression (LTD), spatial distribution remained consistent. These results suggest that induction frequency has a greater effect on the magnitude of LTP than on its spatial distribution. By employing nonperiodic stimuli at the same mean frequency (2 Hz), the effect of varying the temporal structure of a stimulus was also investigated. As the correlation of successive ISIs was increased from negative to positive, not only did the magnitude of LTP increase, there was also a statistically significant change in the spatial distribution of LTP. Interestingly, when a strong negatively correlated stimulus was applied, both LTP and LTD were simultaneously observed in the CA1 area. It was also found that the magnitude of LTP 200-300 mum distal to the cellular layer was larger than that of the LTP induced proximal (<100 microm) to that layer. These results support the hypothesis that the spatial distribution of LTP throughout the hippocampus relies principally on the temporal patterning of input stimulation. This insight into the structure of the CA1 neural network may reveal the importance of stimulus timing events in the spatial encoding of memories.